Nitrate reductase activity (NRA) was found in primary roots, but not in foliage of red spruce (Picea rubens Sarg.) seedlings. Nitrate induced NRA: NHI4-did not induce and slightly depressed NRA in older seedlings.
Nitrogen availability is a limiting factor in natural forests (3) , and red spruce (Picea rubens Sarg.) requires high N for best growth (14) . In mountainous ecosystems, N in the acidic soil solutions is primarily as N03 (12) , deposition of nitrate from acidic precipitations is shifting the inorganic N ratio further towards NO3-(T Sherbatskoy, F Reed, RM Klein, unpublished data) and the leaching of NH4-N is greater than for N03-N in acidic mountain soils (19) .
There are few reports of the presence of NRA2 in conifers roots. Li et al. (10) failed to find NRA in Douglas fir roots, although Bigg and Daniel (1) demonstrated it in seedling roots of Englemann spruce, lodgepole pine, and Douglas fir. For many conifers, NH4+ is a better N fertilizer than NO3- (18) , but mixed sources may be as effective as ammonium alone (4) .
Inasmuch as plants utilize reduced N (5), NRA is necessary for tree growth under natural conditions. Impairment of NRA by anthropogenic acidity and solubilized metals in soil solutions might be a factor in the decline of red spruce (20) . This study was designed to determine whether endogenous NRA ofprimary roots of red spruce seedlings is affected by acidic, metal-containing nutrient solutions in which the plants were grown. bility studies was 6 h, and the incubation period for study of the interactions of acidity and metals on NRA was 4 h.
MATERIALS AND METHODS
One ml aliquots were removed from each vial and 5 ml of 0.1% sulfanilamide (Sigma) in 2 N HCI was added. This coupling reaction required 5 min. Five ml of 0.02% N-(l-naphthyl) ethylenediamine diHCl (Sigma) was added and O.D. determined at 540 nm (17) . Activity was calculated from a standard curve and is presented as ng N02--N/h * root tip. All Root tips from plants grown 2 weeks without nitrogen and incubated with 2.76 mm N as KNO3 showed low levels of NRA for the first 8 h after which NRA increased (Fig. 2, line A) . Seedlings that received KNO3 for 1 week after the first assay had a higher baseline NRA and, after an 8 h induction period, the rate of newly induced NRA was higher than in seedlings that had not had NRA induced (Fig. 2, line B) . The concentration of NO3-N in the nutrient solution, 1.78 mM, was that found in lysimeter-collected soil solutions from our field study area (T Sherbatskoy, F Reed, RM Klein, unpublished data). It was half that used in the root tip NRA assay (2.76 mM) and was apparently inadequate to cause full NRA induction. Compared to maize, where induction requires 30 min (13) , NRA induction in red spruce roots is sluggish.
When NO3-nutrition of seedlings was stopped after 14 d, NRA of the primary root tips decayed slowly (cf 16) over a 4 week period (Fig. 3) . NRA was not detected under aerobic conditions. It was not measurable in whole or diced red spruce needles grown with or without NO3-in the nutrient medium. Clement and Le Tacon (2) found very low NRA in needles of Picea abies.
Effects of Acids and Metals. NRA induction in primary roots of red spruce was differentially affected by the nutrient solution pH (Fig. 4) . NRA at 2 d was lower at pH 4 'than at either pH 3 or 5. By 42 d of exposure to N03-containing media, the NRA of root tips from plants grown at all three pH levels was roughly similar. The differences are probably not of ecological significance.
NRA induction in red spruce root tips by 48 h after presentation of nutrient solutions containing NO3-and metal ions varied with pH, the metal ion and metal-ion concentration (Fig. 4) Days after presentation of N03-N root tips from plants stressed with Cd and those receiving Zn at pH 3. With the exception of Cd, red spruce roots have the ability to adjust to toxic metals in their immediate environment (the rhizosphere) and can induce and maintain NRA needed to reduce oxidized nitrogen. This conclusion is reinforced by the fact that the Cd, Pb, and Zn concentrations used in this study exceed by a factor of over 10 those found in spring-collected lysimeter soil solutions when the soil solution pH was 3.3 (T Sherbatskoy, F Reed, RM Klein, unpublished data). Thus, acidity and metal-ion contaminations are unlikely to be significant perturbing factors in the ability of red spruce roots to induce and maintain NRA.
